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Model T. 

The curve A b has its 
centre at d. 
The curve bc at e. 
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Model Q. 

The curves ad, as, have their centres at 
D and s. 

The curve d b has its centre at h, and the 
curve B R at K. 

The lines d b and s l are parallel to ac .'. 
parallel to each other : and the distance of d to 
N is 3 inches, and the distance of b to m is 
4 inches ; therefore the proportionate distances 
of these two lines d n and b m are to each other 
as 3: 4. 
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EXPERIMENTS 



FORM OF SHIPS AND BOATS. 



(sea difference of opinion having of late years prevailed 
especting the true form of Ships and Boats, I have been 
aduced to make a Series of Experiments with models of 
wood, for the purpose of ascertaining, by a careful notation 
of results, what may be considered as the governing laws ; 
and I flatter myself I have been successful, in some measure, 
in detecting a few of the leading principles which influence 
he apeed, the stability, and the safety of vessels impelled 
)y the wind, the oar, and steam. 



CHAPTER I. 



This chapter contains the particulars of experiments under- 
ken to gain a knowledge of the lows of water with regard to 
A head resistance it makes against bodies floating upon its 
nirface, and impelled forward hy some force, as the wind, the 
and steam. 

four latCCB of deal were selected, o£ tlxe. cmxa 



lOU^^^H 



uniform density and thickness, and each 1 
varying in width. 

No. 1 model, 2 inches wide and 12 inches long. 

No. 2 model, 4 inches wide and 12 inches long. 

No. 3 model, 6 inches wide and 12 inches long. 

No, 4 model, 8 inches wide and 12 inches long. 
These were, two at a time, attached by stringe to tb 
ends of a balance-rod, of the length of 20^ inches ; a 
Btring, acting the part of a fulcrum whilst suspending tb 
was so put on the rod as to admit nf being readily a 
along it at the will of the esperimenter ; the other end 
fastened to the small extremity of a long pole, for the pti 
of reaching far enough over a pond of water to tow the 
upon the surface, clear of alt obstacles. 

^^V The two models selected for experiment were then dran 
Oie water, and whichever of them preponderated, by n 
with greater resistance than the others, had the suapenij 
string shifted along the balance-rod until both the floa 

^^^Medies attained an equilibrium of resistance, when the 




The Ijttlnnce.rod. Scale ■^. 



' RESISTANCE. 3 

G denoted by the inverse length 
r lever to which they were fastened. The shorter 



Bspective reeistsncea w 



8 made, in each experin 



BOrreclly the 



Model!. 
No. 1. 
No. 2. 



the ineans of a moveable weight applied to the 

Experiment 1. 

Width. Length. Weiglit. Difference. Weight. 

2in. 12io, 10 oz. 1 ,, . . ,, ., 

,f:_ ,o:.. in „_ > li mch of lever, or 2 oz. 



Experiment 2. 

No. 2. 4in. 12in. ISJoz.l,,. , ,, „ 

No. 3. 6in. 12in. igfoz. / ^^ ""ch of lever, or 2 oz. 

Experiment 3. 

No. 3. 61n. 12in. 19 oz-lii- i. ci o 

No. 4. Sin. 12 in. 19 „,. | H mch of lever, or 2 oz. 

In these experiments the dimensions of the modelR were tu 
each other as 1, 2, 3, and 4 : and the head resistance, com- 
pared two at a time, and of equal weig-ht, gave the sume 
results ; consequently, the law of the head resistance is, that 
it increases directly with the increase of the square surface 
opposed ; and therefore in this instance of equal additions, 
the arithmetic ratio. 



KPEBIM 

IISTANCI 



i TO ASCERTAIN THE I.AW Ol 
I AGAINST THE INCRKAI^E OF 



Experiment 4. 
For this purpose, two model boats were selected of equal 
TSagbt, and into one was put a lib, weight ; and being drawn 
I the water by the same balaucing-rod which was employed 
llie preceding chapter, and the difference of the resistance 
iHeimined as before, the law revealed itself thus '. 
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Wiih 1 lb. 


weight, the short arm w 


as 7i inches loogw. 


With 2 ib. 




li^ iachea loug,, 


With 3 ft. 




a| inches loog. 


U to .ay 

bt. 


tlie resistance increas 


es directly with 
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OP LATERAL RE9ISTA 


N'CE. 



ship impelled through the water by wind acting oi 
t depends for speed in no small degree upon the Isl 
i it makes, and the situation of the centre of" 

r The following experiments were undertaken to ascertain 



md how infiuE 



;ed. 



Experiment 5. 

First, around and near the midship section of a model 
wiiB fastened, yet readily moveable, one end of a line ; the o 
end left to be taken in hand, a sufficient quantity of line bflf 
allowed between to tow the vessel through the water towa 
the siiore, when placed at some distance from the san 

And second, the model put on the water was repeate 

drawn to the shore, and the point of fastening of the line 

l«quently shifted. The eflects were these : 

When the point of fastening was situated a trifie Iowa 

B head, the line on being pulled drew the head forward j 

n fixed rather astern, then the stern was drawn forwan 

B proving there existed a point or centre of balance. 

y moving the place of fostening, it was readily foni 
Q measurement, to be situated exactly in the mid-length a 
keel and part of the projecting cutwater, the vessel floata 




LATKRAl. RKSIBTANCE. 5 

During the carrying' out of the above inveatigations, it was 
I observed, that wheu the vessel was made by the lioe to pro- 
gress forwards, aa well as sideways, the centre of lateral resist- 
ance moved also forwards ; and this, of course, was in conse- 
. quencc of its bows meeting with greater resistance than when 
moved exactly sideways. 

The reason is obvious ; first, because the water at the bows 
. became condensed, and thus made greater resistance ; and 
secondly, the water beijig driven up against the bows, higher 
' than the surrounding fluid, produced its effect. 
1 The above-named resistance equalled, it was found, about 
tone-twelfth of the length of the body immersed; but which 
'proportion must vary, however, with the speed. 

The centre of gravity in all these experiments seemed to 
'have little or no influence with regard to the centre of lateral 
^resistance, it being regulated by the perpendicular surface ex- 
'poBcd to the water ; and the centre of which was the centre of 
Jlateral resistance when the force of the water acted at right 
'angles to that surface. 

IjE'iperiments relative to the Law of Stability when Ike Tf'idlk 
I or Beam is increased. 

For this purpose four pieces of deal were chosen of the fol- 
lowing dimensions : 

Length. Wiiitli. Depth. Weight. 

15 in. 3 in. 2 in. 1 lb. 8oz. 
15 in. 4iin. 2 in. 2 lbs. 3oz. 
!5in. G in. 2in. 2ftB. 13oz. 

15in. 7iin. 2in. i%A. "^ ':.x. 
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order to asoertaiD the stability of each respectively, aa 
they in tnrn lioHted upon the water, a small moveable roast, 
3 inches high, having- a. hole through the top, was fised on 
the upper surface, and la the centre of gravity ; one end of > 
line was looped over a. nail driven into the side of the wood, 
when the other end was first passed through the hole, then 
continued on over a pulley, and at the end a small hag 
attached for the convenience of holding weights. Into the 
extremities of the same piece of wood as No, 1, nails wi 
driven lightly, and at the points where the centres of the wood 
out the line of flotation. Over the heads of these nails a string 
of sufficient length was secured by two loops, the other ends 
of the strings being then made fast to nails driven into the 

ide of the 

irection opposita to the string going over the pulley, with thA 
w of counteracting the force of the weights. 

I A, B, the tank, and a. the surface of the water.- 
model. — D, the mast through which the line s, e, h, i, passe 
being first attached to the model by a nai! at s. — w, th 
I weight. — M. the stool which carries the pulley.— l, a shore t 
^U^jtouJ^ and support the pulley. 




LAW OF STABILITY. 



^^ReiDg prepared, the weights were put into the bag until 
tlie side of the piece of wood opposite the policy heeled down 
into the water to the depth of 1 inch, previously marked out : 
mA by this means, the scale, as will be presently given, was 
ibtained. 

Experiment 6.— The Scale and Table A. 

Depth or Floating l '', 

. No. Length. Width, thiciness. depth. Stabilitj. Ratio. ^- *^ 

2in. lin. 1 2ot. 1 - * 

2in. lin. 2.5 7oz. H ■'* 

2in. lin. S.*14oz. 

2in. lin. 4-4S2dz. 



IS in 



I 1^ coDclusions to be drawn from this scale are, that with 
Bie same length the ratio of stability ia at its limit of rapid 
tacrease when the width ia just one-third of the length; or, as 
S : 15 (aee No. 2), beiug nearly in the cubic ratio. Afterwards, 
it approaches to the arithmetic ratio. 

With respect to the centre of gravity of the fonr pieces of 
Rood employed upon the occasion, it is right to state they 
were cut from the same plank of timber, which had been 
lelected on account of its apparent uniform density. And the 
uodels, when put on the water, all sunk down to the middle 
rf their thickness, or just one inch out of the two ; conse- 
laently, their centres of gravity were exactly level with the 
nirfoce of tlie water. 

i 

Sipertmenlt io atcertiiin the Lmo of Stalilitif as regards the 
Increase of Length, the Width and Thiekneit of the Float- 
ing Bodies being constant. 
For this purpose, aix pieces of wood (deal) were employed, 
id of the following dimensions aad wei^Uu '. 



indof 



Experiment l.—The Scale and Table B. 
Width. Lengtli. Weight. Stability. Ratio, 

3in. Sin. Ifoz. Jor. 



21 «. 


J 


4 nearly 


u 


SJoz. 


IS 


7 oz. 


I» 


SJoz. 


It 



i the Bcalc of iocrease is its 1,-3 when the length 
ibled ; bat after this it takes the arithmetic ratio. 



^rtker Experiments to determine how the Law of 
operates when the Length and Width of Floating St 
are constant, the Thickneaa alone being varied. 
The following were the dimensions of the modelB of 

' ected: 

Experiment 8.~The Scale and Table C. 



h. Length. 


Thickness. 


Weight. StBbUity 


Sin. 


fin. 


4oz.|i IJoz. 


9 in. 


I J in. 


8oz.; IJoz. 


Sin. 


Uin. 


12oz. i lioz. 


9in. 


2Jin. 


16 oz. ;; 1 oz. 


9in. 


3 in. 


20 oz. ^ ^DZ. 



* Or next to nothing, being a cube. 

In this Table it b seen that when the thicknea^ia in the pi 
portion of 5 : 12 of the width (as in No. 2).-« the depth 
flotation one-fifth. Bay, of the beam, and the centre of grai 
at the water level, the stability ia at its greatest. 

And further, that 4 oz. in weight pkced low (as in No. 1 
this Table), more tbaa countetbalanceB 16 ox., as in (No. 
when situated high. 




correct, it eatabliahes 
with regard to depth, and 



E-fifth of the breadth of the 



If these three Tables be 
the rule, that the line of flotali 
as it affects stability, should be 
beam, when the bodj" partakes of the parallelopiped form ; the 
centre of gravity being preserved at or juat within the level of 
the surface of the water of the floating body. 

Let it be here repeated, relative to all the above experi- 
ments, that each piece of deal sunk in the water to half 
its depth or thickness; therefore, their reepective centres of 
gravity were always on a level with the aiirface of the water. 



CHAPTER V. 



The whole body of a ship c 



l&d with th( 
locid maiinei 

^T taining 



view of investigating the same in a perfect and 
. it will be advisable to divide the subject into 
as ' the Bows,' ' the Stem,' aod ' the Middle,' 
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esperiments which were pat into practice for as 
tainingthe law relative to the diffetevice oi iwia'NVwv'iT^^i^ 
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ON THE FORM OF SHIPS AND BOATS. 



to the action of water are arranged severally as follows ; 
the diagram beneath exhibits the mode by which the tes 
of the speed was applied. 

The balance-rod. Scale -j^tb of an inch to an inch. 



Length, 



3 ft. 10 in., or 46-eighths. 



I\ 



l\ 



Experiment 9. 
First. The form of the model selected was that of an 
sceles triangle, having the perpendicular distance of the 1 
from the apex three times the width of the base. 

Weight 12 oz. ; thickness 1^ inch. 




Experiment 10. 
Second. This form was an isosceles spherical triangle, of 
same perpendicular length and width at the base as the ] 
ceding, but having the two sides uniting the base with 
apex convex; the carve subtending at the middle of the len 
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k quarter of an iiicli beyond the etraig^ht lines umUng these 
D pointB. 

Wdght and thickness aa A. J 




Experiment 1 1 . 
Third. The form of an iaoscelee triangle, with its two sides 
Bvaved; and the dimensions in other respects the same as 
models A and B. 

Weighl and tliicknegs a> B. 




These three models of deal, A, B, C, of the same precipe 
weight, depth, width, and length, were tested on the water 
I against each other, hy the halance-rod, and the following 
^ mults were obtained : 

Model D had the greatest speed, 
Model A the nest. 
Model C the least. 
it tiie difference between them was trifling. 

Experiment 12. 
Hie model A was then tried against the fourth model D, of 



12 



o^' THi Foni: or shztc akd 



the same form of doxvs. iiziensicms. 
lower i&oscreiefr sides L*?viliri: z£ 

The differtfuK a: 5pe=?L i>erwea. 
ceptibie. 



ifeisiity bnt luiiJB|^ti 



not f9^ 



The next les: o: b^'TTi Tra? t-tx tiioat of 
coxnpured firs: mth Ut£ simn-znod^IkL bow ^ and I^Bi vith 
others uf less &cuxt m r '*^ 




:« 



The isos.ctu« trifinpf fzirn: nf briw^. H. lud 
dis'.iiniv fron: the base t inrJbSk. vfc bfirrm^ 



depd^ 



iiic K>iic:usi;'^ UTTT?; l: vej.. 



^wffd c€ A : £: 



« ■ 






-T ■ -y — » 



r&s ibeci :e5C?i. -vt± ^ speed of the modi 



^eizbx xzi :'*>'i-'e» » £. 



IS''- 



TLft result gave the speed m ta.\Q\a ol Y» •. ^ "- •• ^ •• 2, 



Experiment 15, 
The model F was. tried against G, a model havin, 
phcrical equaateral triangle. 



s F ; the speed in favour 



The weight of model G tiie si 
rf F was, F .- G 1 : 6 : 51. 

Experiment 16, 
Hie last test was between the equilateral triang'le bows P, 
^H^}}e bows H, of the earoe dimensions and similitude ; but 
^^^■jjiiits isoBceies sides bevelled off, the angle at the cnt- 

^™^ WeiKht and Uilckncaa a? F. 



The Speed of II was to that of F : : 5 : 4. 

The bevelled bows of H threw the water off admirably, or 
iBther it may be said to ride over it ; it was always dry during 
in eiperiraent ; whereas F shipped water continually over the 

iWB with the least extra speed- 

The conclusions obtained by the experiments in this chapter 

e, that the more sharp the forms of the bows the less is the 
xeiatance from water ; and when a gentle curve is given to 
hows, the speed is rather improved. Again, by ihe bevel- 
ing of short howa, the speed becomes greatly improved ; hut 
is not BO apparent in the long a.wd s\\ot^ \iq-«6, "Vwt 



J 
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w 

^^^vfaevelled ehort bows rode over the water, 
^^Hdwas in a degree lifted by it, and therefore did, 
^^H>Water up like the perpendicular side bowG. 



CHAPTER VI. 



EXPERIMENTS RELATING 1 



Experiment 17. 
First, with the sides parallel and tapered. Two ; 
having the same form of bow, an isosceles triangle of 3 
perpendicular distance from the base, and 3 inches wide; 
the bodies attached 6 incheB long ; one of them with p 
sides, the other tapered as shown in the diagram ; scale ; 
to 1 inch. 




Upon being tested against each other, there appearq 

ight degree of speed in favour of the parallel -sided n^ 

'. 1), and decidedly greater stability than y 

file tfljiering-- sided model (No, 2). 



was possessed 
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Experiment 18. 
A third model {No. 3) of the same bows, length, width, and 
E, was tested against No. I ; hut having its sides bevelled 
9 and at the stem. 




No. 3.— Weight 10 oz.; thicknesa Ij inch. 

The result of the trial was, that the speeds of No. 1 and i 
Mo. 3 were equal ; but No. 3 was inferior in stability, and 
lank deeper into the water than No. 1, and was less steady I 
a its coarse. 

Experiment 19. 

Two models having the same form of hows as the preceding 
[Nob. 1 and 2), but with the bodies 12 inches long-, one of 
them with the sides parallel, the other tapered, as exhibited in 
lie diagrams marked Nos. 4 and S. 



No. 4. — Weight IToz. j thickness \\ inch. 



No. 5.— Weijlit 17 01.; fliicVinESi \ Waiai, 



16 ON THE FOHM OF SHIPS AND BOATS. | 

When the models (Nos. 4 and 5) were tested togethi 
speed of No. 5, haring tapered sides, was considerably i 
to the one with parallel sides ; the proportion in speed 
parallel sides to that of the tapered sides : : 3 : 2 ; f 
respects stability, the parallel- sided model had very j 
the advantage. 

E.eperiiiienf 20. 

Again, eiperiment made hetween two models of Qu 
form of boms, &c., as those just tested, but with the bo 
each lengthened to 18 inches; one having the aides p 
the other tapered ; indeed, both after the forms of Nob. 
5, hat longer by 6 inches. The weight of each equallt 
7 oz. ; thiclQesa 1^ inch. 

The speed, in this instance, between these models ^ 
so dissimilar as in the trial with the two farmer mnddl 
4 and 5) ; but atill the tapering proved injurious, vi4l 
proportion of 5 : 4. 1 

In the experiments here given, they prove most a 
that tapering the whole length of the body of a sfan 
detrimental to speed. V 

The experiments nest undertaken relate to the tsp 
the under part or bottoms of ships towards and at the I 

Experiment 21. 
f the same form of bows, and ha\ 




XXPEttlMENTS RELATING TO THE STERV, 1? 

e lengths, breadths, thickneas, and weight, equal ; but 
le of them cut inclined up at an angle of 14°, commencing at 
tht\ one-third of the length from the stern ; the other also cut 
ail inclined up, hut at an ang^Ie of 7", and commeucing- at the mid- 
Xlv length, as in the diagrams A and £, which when tested together, 
I A beat B in speed by a trifle. J 

Experiment 22, 
Again, a third model marked C, of the same dimensions and 
iNght as A, but the bottom not cut inclined up ; upon being 
nted irith A, A had the greater speed of the two. 



Weigh! 16 oz. 

The model C was then tested with a model E, which differed 
Jrma C by having its aides towards and at the stern inclined by 
gentle curvature, commencing from near the midship. The 
talance-rod gave the speed greatly in favour of the curved sides; 
frr tte model E required the additional weight of 2 oz. to be 
pat into it to reduce its speed to an equality with the m 
•llfl weight of each model equalled 16 oz., therefore thi 
tf E was superior to the speed of C by one-eighth of the 

Exrperiment 33. 

Two models having the same form of bows, likewise the same 

kndth, length, depth, and weight; but one of them with 

pnaUel sides and bottom as the model C ; the other, with the 

tapered curvilinearly towards and at the stern, and the 

tcttom cut up Inclined, and commencing in both instances at 

(i inches from the stern ; the leoglh of each 

>6 inches, and their respective v;e\g\i\a \T ox. 



;ed I, 



^^K;. 'When 



^ 



The difference of speed between these two models wbh g 
id on the side of the curvilinear-formed etern, and aeorl^ 
the proportion of 3 : 2. 

Experiment 24. 

'When the parsJIel-sided model (the one employed in th( 
It) had its sides made also eurvilineor, but not' 
bottom, its speed, upon again testing the two last 
together, was found to be improved very materially. 

These latter experiments were tried against each other b 
weights, aa well as by the difference of the length of lever, 
the results were, that the model with curviUnear sides 
inclined-up bottom, heat in its speed the model with parall) 
sides and bottom, and required the additional weight of 8 oi 
to be put into the former to reduce its speed to an equalit] 
with the latter, 

Ej^eriment 25. 

Upon shaping the parallel sides only to the curvilinear fom 
of the swifter model, the speed of it was so far increased, ii 
consequence, that 3 oz. estra weight was then sufficient t 
equalize the speed of both. 

Experiment 26. 

The curvilinear sides of the original parallel-sided modi 
vere neit reduced to straight lines, the convexity of eael 
being removed ; and when tested with tbe swift model, : 
found to be considerably injured in its speed, having lost ll 
the alteration of tbe curves to straight lines, to the amount ■ 
1^ oz. in weight ; because the now straight- line tapev 
stem required the additional weight of 4^ oz. to he put im 
the swifter model, to equalize their speed, instead of 3 q 
when the sides were curvilinear. 

The enrve employed in the foregoing experiments was tfal 
segment of a circle, which subtended at the cent 



th of tbe straight line in the proportion of \ of an inch 
ches. The angle of the tapering, measured by straight 



s 10°. 



Experiinent 27. 
having altered the curvature of the sides in another mod) 
from the aubtenaion of ^ inch to f inch in 6 inches of tife* 
th, the speed upon trial was proved to be deteriorated to 
amount, tn weig'ht, of 1 oz. oat of 2 oz., the previous 
d, or injured by one-half. Indeed, after many experiments 
e with the view of thoroughly testing the principle of 
ring the aidea and bottoms of models towards and at 
stem, the resulta gave equal benefit ; meaning, that when 
sides were tapered, the improvement in the speed which 
wed was, when estimated by weight, eqnal to 4 oz. And 
tapering of tbe bottom towards and at the stem produced 
■ovement in the speed likewise equal to 4 oz. ; or 8 oz. 
jether, in superiority of tbe model having its wdes and 
3m continued parallel and level. 






^^B CHAPTER YII. 

I^IXPE RIME NTS RELATING TO THE MIDDLBT 

le segment of a circle which subtends \ inch in the centre 
b»8e line of 6 inchea having proved beneficial towards the 
lotion of speed when applied at the hows, as given in Es- 
nent 10, and at tbe stern in Experiment 24, induced a 
ler trial of the same curve in the experiments annexed. 
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^^^^^^L Scale, i to 1 

^^^^^K Experiment 28. 

^^V The two models (Noa. 1 and 2} of the same bowa, I 

^^H and wej^bt, but differing in their sides, one being parat 

^^H jpther coDvexed ; ihe rise &t mid-length being i an incbt 

^^H "whole length of aide of IS inches, according to the •pretf 

^^P before adopted. 

^^ Upon being tried against each other at the ends 

balance-rod, it ai)i)eared that the speeds were equal. 

mnlieB a third inatance of the good qualities of the curve 
^^H promotion of speed over the straight line, 
^^H In this experiment ia aeen greater breadth of beam 
^^^^mdeed to one-fourth ; yet. by the adoption of the « 
^^K question, equal speed is obtmned. 

^H Etperimmt 29. 
^^H Segments of circles of different diameters were furtl 
^^H plied and tested against two parallel- sided models ; one 
^^^T same breadth of beam, the other of leas beam by one 
^^^Pjiart ; a!! three however of the aame weight, 23 ounce; 

^^B Scale, i iath to 1 inch ; thicknaa, 2 inelies. 
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lellcd bom the baiiuintal section of the sole fisb, 

!t trial took place between the models A and C. The 
lult gave the speed of C to be greatpr than A, in the propor- 
)n of 5 ; 4 ; or taken in weight, equal to 8 ox. ; because the 
odel C required to be loaded with that weight extra, to retard 
I speed to an equality with the epeed of A. 

Experiment 30. 
The second trial w^ between the models A and B. In this 
:, the speed of A beat that of B, by the extra weight of 



Experiment 31. 

In the third trial the speed of the model C beat that of tbe 
lodel B, by 12 oz. extra weight. 

Experiment 32. 
The taodel C was drawo through the water having its stem 
r sharper eud foremost ; and in consequence of ao doing, the 
seed was reduced. Moreover, by the sharper end going 
tremoat, the steadiness of its course was in a great measure 
BStroyed, the model requiring a piece of keel to be attached 
the aft end to cause the body to preserve a straight course ; 
id which was not found necessary when the bluffer end or 
1W8 meet the water when floating upon an even keel. 
The inference to be drawn from the last four experiments is 
every respect in favour of the bird or duck-shaped model C; 
the same time pointing out the wisdom of preferring the 
aibr or larger end to t^-o foremost, rather than the sharyer 
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^^^82 ON THE FORM OF SHIPS AND BOATS. 

^H CHAPTBK Vm. 

^^^P The subjoined cxperimenta were undertaken to aacertsi 
effects of the curving up of vessels from the midahip 
tion, both to the head and stem. To this end, three m 

1 were made of the precise form and size of C in the preo 

^^Lsibapter, with the exception of their heing varied from 

^^^■^elineated below; scale \ inch to 1 inch. 




^™ 


^^H Side view of model C— Weight 22 oz. 
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^^^1 Tlie mndcl nith the bow 


froaiIlo2,cutmcKuBdiip. 1 


^^^^ 1 7r<>f<rUii> 1 




^^^1 The model with the stem /rom 2 to 3, cat iaclined up. 


^^^B fFn/.:> 


^^^H The model iritb both the botra and stem cut iuclined up, 

^^K T\xe inclination upwards, or curves at both the bo« 
^^^Btem of these diagrams, are sectiona of two circleB b 
^^^their centres in the same straight line (nunibered 2, 4.) i 
midship sections of the diagrams, when produecd indefi] 
1 in the direction of 2, 4; and their circumferences pi 



I EFFECTS OF CUTTING INCLINED. 23 

^^_ Eiperimeiit 33. 

^^^Hinodels C and D being first made of equal weig-ht, were 

^^^BnMt to their speed ; and it was found that the mode] D 

jB^U howB cut inclined up, beat C with the level bottom by 

oz. additional weight. 

Hxperiment 34. 

Next, the model G was tested with E, having its stem cat 

dined np ; when C was again beaten in its speed, the model 

oarrying with equal speed 6 oz. extra weight. 

Experiment 35. 

After this, the two models D and E were tried against each 

ler, and the advantage of speed was, in weight, 2 oz. on the 

e of the model D. 

Experiment 36. 

Lastly, the models C and F were put upon the water together, 
e latter having both its bows and atero cut inclined up. The 
ifi«rence in their speed was altogether in favour of P ; indeed, 
^nal to 12 oz. or more, for this extra weight was cot suf- 
1 put into P, to equalize the speed of the two 
lodeb ; but the great weight F already carried was quite load 
aough, without sinking too deep into the water. 

Hie conclusion to be here drawn is, the positive good effects 
ttm the cutting or curving up of both the head and stern of 
Msels, when commenced from the midship section, and ex- 
uding as far at least, each way, aa the load water-Une. 

jflTM'tvyi I- ■' ■■ ■ ' /- ■ ■ •■• '■'■'"■'- 

CHAPTER IX. 

OF THE MIDDLE LENGTH OF A SUIP. 

e fbllowing experiments were undertaken to ascertain the 
rties of the middle length, or ceaUe. ^aoi'j ol ■a. ^-v^- 



' Three models ha.ving parallel sidee, ilat bottoi 
form of bows, and all of the aame breath of beam, 
3f incheB ; yet varying in Iheir lengths as followa, h 

I equal weight: length of A, 9 inches ; B, 13f tachesj 

Pinches. ■* 

SciUe, i inch to 1 inch. Weight of each 20 o»J 









^^UpE 



This difference in their respective lengths was made I 

giarpose of ascertaining the effects of increased lengtl 

sgard 10 speed, and the power of carrying weight. 

Experiment 37. 
The model A was tested by the balance-rod with 1 
E-'irbich beat in speed A, eo as to require the weight of 8 
e put into B, to retard ite speed to that of A. 



Experiment 38. 

B being tested with C, C required the weight of 8 oa 
put into it, to cause the speed to equal B, heiog tlu 
differenec as iu the first es:periment ; and therefore the 
of C will equal the speed of A, and carry at the beuxi 
16 oz. additional weight. 

The same law exists in models of a different farm, 
instanced in the following experiments. Three models 
tested against each other to discover the difference 
Ipeed, having level bottoms, of the same weight and 
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MIDDLK LENGTH OF A SHIP. . 

I, but varying in their lengths; scale, g inch to ^ 

3 ■■ • a'/ 




—Weight 22J 01. ! thickneas 2 inclies. * "^ *^ 



No. 3.— Weight 22 J oz.; Ihickness 2 inches. ' if Br/« 

Experiment 39. 
I was ao far inferior in speed to No. 2, that an extra 
I put into No. 2 before its speed was 
ffto the same rate of speed as No. 1, 

Experiment 40. 
Not7 No. 3 beat in speed Na. 2, so as to require 12 oz. to 
e placed in No. 3 to bring their speed to an equality. 
Bfce inference to be drawn from the foregoing experiments 
idditional length gives increase of speed ; or will cany 
[Bt through the water with proportional less resistance, 
ility, likewise, increases with equal ratio, as given in 
The caase of this leas resistance must arise, 
nt instance, from the same dimensions of bows, and 
I of beam clearing the way for the increased length of 
r-pwt; and in the second, to coTiWit^ewic q\ "Cfts. 
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increased length, which is followed by increased w 
bearing; therefore the whole weight displaces less deptii 
water: hence arises less resistance when the length alone 
concerned. With respect to the increase of the breadth 
beam improving speed, the cause proceeds from the ci 
and the enlarged surface-bearing combined ; otherwise, 
result of the experiments (Nos. 1 and 2, &c.) would 
decided to the contrary. 



CHAPTER X. 

FORM OF THE MIDSHIP SECTION. 

This chapter relates to the form of the midship section^— 4|| 
importance as to a ship's speed, and to determine which 
experiments, as detailed in the subsequent pages, were 
sorted to. 

Four models, all of the length of 14 inches, and 4 ii 
wide, having their sides parallel and bottoms level, of 
weight, namely 30f oz., but the midship section of 
varying as represented in the diagrams, were tested one 
the other : first, to ascertain their speed ; next, their stal 
third, their lee-way ; lastly, their burden or floating depth. J 





Midship sections ; scale ^ inch to 1 inch. The dotted line is 

float-line. 

The comparative velocities, as denoted by the balance-i 
were as follows : 

Experiment 41. 
No, 1 beat in speed No. 2 by 2 oz., that extra weight b 



J 
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tP SECTIO.V. 

No. 1 to retard its speed till it eriualled that of 

Experiment 42, 
The speed of Nos. 2 and 3 proved equal. 

Ejperimenl 43. 

The speed of No. 4 was the worst of them all, since it 

required 4 oz. extrit weight to be put into No. 1, with which 

■was tested, before its speed equalled that of No. 4. 

The inference to be drawn from the experiments is, that the 

irve gives greater speed than straight lines with angles. 

iVben the bottom of No. 4 had its angles cut off so as to 

bnn an ellipse, its speed was in consequence so far improved 

liat 2 oz, in No. 1 were sufficient; or the velocity of No. 4 

equal to Nos. 2 and 3. 

Of the stability and floating depth of the above four 

No. 2. Stability equalled ^ o 
No. 4. Stability equalled 3 o 
No. 1. Stability equalled 2\ o 
No. 3. Stability equalled 1^ o 
No. 4. EUipse equalled S o 
H^'e we have No. 2 posaeseing the greatest stability, and 
To. 3 the least, both being of the same speed. And again, 
|To. 2 draws but 1 inch of water, whereas No. 3 draws 
laahes, or double, though of equal weight, 



Floating depthtl inch. 
Floating depth 1^ inch. 
Floating depth If inch. 
Floating depth 2 inches. 
Floating depth \\ inch. 



CHAPTER XI. 



OF THE LEE-VI 



RESISTANCE. 



This property in a ship depends (see Experiment 6) directly 

iffn the peqi en dicular depth at whichit fl.08ta,a.'Q.'i.^i&V^l.^a- 



28 ON TBE FORM OF SHIPS AND BOATS. 

The following is a course of experiments relative to the l&tei 
reaietance of different midship sections or forms, and havii 
reference to the depths of keels. 

The midship forma selected for the experiments were the 
which had been employed in Chapter X., Experiments 41, i 
The diagrams are again given, but with the addition of keela 
two of them. The results were measured by the length' 
lever, not by weights. 



m centre of gravity, tnit the dotte^ lines the Aej^h at 
/ Exj^iment 44. (^, //, V 



k.l. Semicircular bottom . "1 Weight 'T Each with -j 

b. 4. KUiptic bottom . . , J 1 ft. 13 oz. L deptb of ki 

miU.-^Uo. 1 resisted moat, and equal to 1 inch of Levi 

Experiraent 45. 
1. 1. Semicircular bottom , 1 Weight / Each with } 
^. 2. Flat bottom . . . . / 1 ft. 13 oz. \ d^th of h 
ult. — No. 2 resisted most, and equal to 



o 14incKof lei 
r Each with ' 



Experiment 46. 
No. 1 . Semicircular bottom . 1 Weight 
, No. 3. V or Triangular bottom / 1 ft. 1 3 oz. L depth of k 
—No. 3 refiiated most, and equal to 1 inch of 
but waa .disposed to turn over, 

Erperimenl 47, 
fc. I. Semicircular bottom ,1 Weight fWith^i 
^.4. EUiptic bottom . . . / 1 ft. 13 oz. 1_ With 1 i 
VesulL — No. 1 resisted moat, and equal to 1 inch of lev 



LEE-WAY, OR LATERAL REB1STANCE. 

Experiment 48. 

1. Semicirculiir bottom .1 Weight / With | in. fceel.J/ 

2. Flat bottom , . . . / 1 lb. 13 oz. 1 With 1 in. keel. 'I 

3 

\vit. — No. "2 reaisted moat, and equal to \\ inch of lever. , 

Experiment 49, 
I. Semicircular bottom . \ Weight f With \ in. keel. 
S. V or Triangular bottom j lib. 13 oz, \ With 1 in. keel. 

Jtwa/*.— No. 3 was overturned by the resistance. 

Experiment 50. 

1. Semicircular bottom ."I Weight f Each with J- in.j' / 

2. Flat bottom . . . ./lib. 13oz. | depth of keel. ,7/ 
mlt. — No. 2 resisted most, and equal to 3 inthea of lever. 



Experiment 51. 
ll. Semicircular bottom . ") Weight f Each with \ in. 
4. Elliptic bottom . . . / 1 ft. 13 oz. t depth of keel. 
'aull.~-^a, 1 resisted most, and equal to 1 inch of lever. 



Experiment 52. 
,il. Semicircular bottom . 1 Weight f Each with \ in. 
,!8. V or Triangular bottom / 1 ft. 13 oz. \ depth of keel. 

Result. — No. 3 resisted, but o' 



Experiment 53. 
/I. Semicircular bottom .1 Weight f With ^ ia. keel. 

F Flat bottom. . . . / 1 ft. 13 oz. 1_ WithJ in. keel. 
. — No. 2 reeialed most, and equal to \\ inch of lever. 

Experiment 54. 



. Flat bottom .... 1 Weight / No keel. 



Triangular bottom/ 1ft. 13 oz. \NokBel. 

Result. — The resistance ecjual. 



Experiment 55. 
No. 1. Semicircular bottom .1 Weight /No 
No. 3. V or Triangular bottom J 1 ft. 1 3 oz. \ Nd 
RetuU. — No. 3 resisted most, and equal to 4 inches of! 

Experiment 56. 
No,3. V or Triangular bottom"! Weight / No keel. 
No.4. Elliptic bottom . . . / 1 ft. 13 oz. I No keel. 
Result. — No. 3 resisted most, and equal to G inches of It 

Experiment 57. 
No. 1. Semicircular bottom .1 Weight 
No. 2. Flat bottom . . . . / 1 ft. 13 oz. \ No ke^. 
Result- — No. 2 resisted most, and equal to 1^ inch of 



■) Weight /With fin.; 
/1ft. 1." < - ■ - 



ttom . \ Weight / With I in,- 
. . ./ift. 13 oz. \ With ^ in. 



Experiment 5S. 
No. 1. Semicircular botti 
No.4. Elhptic bottom 

Result, — The resistance was equal, hut No. I 

Oitervatiom on the ReaulU of the Lateral Resistance iff 

Four ModeU. 
\ Vo. 1 resisted most with a depth of keel of 4- inch, 
* No. 2 resisted most with a depth of keel of -J inch, ■}. 
1 inch, and no keel. 
No. 3 resisted most with no keel. 
No. 4 was beat in every instance when tested aguitat ( 
of the others with equal depth of keel ; bat 
No. 1 when that bad 1 inch keel and No, 4 had' 
keel. 

\ No. 1 p09ses»ed the least resistance nitli 1 inch of W 
lo. 2. The variattonE in the depth of keel made na, 



L LATCRAL RESIBTANCB. 
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>, a had the least resistance witb 1 inch of keel. 
I. 4 had the least resistance with no keel. 
rhe scale of superiority appears to be thus — 
No. 2, the flat-bottomed, most decidedly the best, or 1. 

No, 1, tbe semicircular- bottomed 2. 

No. 4, the elliptic-bottomed . 3. 

No. 3, the triangular-bottomed, the most dangerous, 

iscept with no keel 4. 

On turning to tlie diagrams it will be seen that the centres 
if gravity of Nos. 2 and 4 are lower than tbose of Nob, 
I and 3. Again, the lines of flotation of Nos. 2 and 4 are 
{kewise lower than Nos. 1 and 3. This being the case, the 
Bteral leverage of Nob, 2 and 4 above the water is greater 
hexi that of tbe other two ; and their leverage is, on the oon- 
cary, greatest in the water, particularly tbe triangulaj bottom. 
■lo. 3 floats higher than it would have done, had it not been 
e hollow in part to reduce its weight down to the others. 



E 



lode by which the lateral resistance was tested will be 

understood by the inspection of the accompanying 

represents the upper surface of the models, 

14 inches long and 4 inches vMz a.t q 
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^o nails to which the lines c e, and d e, were attached 
is the eingle line fixed on the end of the halau 
Hides of the models were romided off as a g i, to prevent. 
lation whilst heing drawn through the i 
time, partaking more of the usual form of the sides 

Whilst carrying out these experiments on lateral re 
and keels, many instaaces occurred of the superior e 
the lengthening of a keel, over the deepening of osv 
deepening of a keel acts directly and powerfully to overtu 
not so the lengthening ; and although a small additit 
depth may and does, under certain circumstances, iin] 
B ship's lateral resistance, yet if the depth be much uicre 
it so militates against the object sought by tbe great inti 
tion which ensues, consequent on the force of lateral rt 
as to be altogether injurious. 

The nest experiments were taken to ascertun the e 
regards speed, of curving up tbe bottoms of vessels frog 
midship or mid-length, to both heud and stern as high a 
load water-line; or commencing the same at one-third Ot 

Iurth of the length of each, and leaving the middle oo^ 
' one-fourth of each quite straight or uncurved. 
icki 
; 



Experiment 59. 

rA model 14 inches long, 4 inches wide, and 2^ iudt 
Bs, weight 30 oz. ; curved from middle length to 
d stem as No, 1. 



Experiment 60. 
The model No. 2, of the precise length, breadth, depth, and 
Kteightas No. 1, but having the bottom, ab, one-third of the 
length, quite level or straight. 



/* 



Experiment 61. 

The model No. 3, of the same dimensions, &c. aa the pre- 

ieding, but with the bottom, a b, left fiat half of the length. 

Remit, 

No. 1 beat in speed No. 2 by 1^ oz. extra weight ; No. 2 

beat in speed No. 3 by 2 oz. extra weight ; therefore No. 1 

lieat in apeed No. 3 by 3| oz. extra weight. 

Experiment G2. 
lluB experiment was undertaken to ascertain what might be 
the advantage, as regards stability, by constructing a ship 
projectmg sidea. instead of carrying them up perpeo- 



models were made, each 15 inches long, 2^ inches 

1 flat bottoms ; but one of them 4 inches wide and 

KDcnlar sides, the other being in width at the bottom at 

s 3^ inches, and across the top 4^ inches, and making 

^e from the perpendiciJar of 1 1°. 

Sections of the models takes at tbe mldshipa. 




'■f 



Scale, i inch lo 1 bch. Weight ot MaU, 40 ou 



ON TBE rOBM OF SHIPS AND BOATS. 

iliese models were first teeled upon the water, each n 
wd, when the staliilitv of each equnlled 3 oz. Bnl!^ 
[part of the upper insidcs of both the niodds vn 

which reduced their respective weights to 3$ o 
ibility of No. 1 equalled 3i- oz., and that of No. 3/% 



I thi 

H 

the. 



Let it he observed, that before either of the i 
lightened. No. 1 sank in the water I J- inch, and No. glj^ 
After bein^ lightened. No, I sank in the water 1|£ 
and No. 2, 1^ inch. 

The result of lightening the weight of each i 
upper part was the lowering of their centres o 
at once became apparent in Nu. 1 , by its increa 
But the same result did not follow in No. 2, I 
diminished width of the lower line of its flotati 
most clearly, that the mere lowering of the c 
acta with far less effect, with respect to the increag 
than the widening of the heam, or preserving tl 



OF THE RUDDKR. 

The rudder is a flat frame-work of timber, aacendnM 

pendicularly from the bottom of the keel to a diatanoe'd 

the aurfece of the water, eufficient to admit of a levef f 

itened to it in nearly a horizontal position, to n 

to the right or left ; it being bo attached to the Btei 
?anB of hooks and rides, or similar contrivoncefl^ 
Imit of such lateral motion. 

The purpose of the rudder ia to ulter the direct eottt 
vessel when its body is going through the water 
position the helmsman may desire. That the rudder a 
witli full effect, it is necessary for the water to have a»jj| 
and unimpeded a course against either of its sides as it f| 
allow. The wider the body of the rudder ia u 



^Hjble to 



greater tlie power ; but in general it does not mucli exceed in 
•ailiDg veaaela one twenty-eighth part of a ship's length. 

OF THE KEEL. 

The keel is that part of a boat or ehip which la eituated at 
:fae bottom on the outside, and extends in a direct line from 
the cutwater at the head to the poat at the atcrn, descending 
perpendicularly down below the hull to the depth of several 
inches or feet, according to the size of the vesael. Its uses we, 
— first, to cause the floating body, say of a ship, to preserve 
B. direct course in its passage through the water; second, to 
Oct aa a check to lee-way ; third, to moderate the rolling 
motion. 

Ships formed with fiat hottoma, and particularly if they 
be oonatructed with parallel sides, require little depth of keel 
to preaerve a direct course ; and in order to check the lee-way, 
a substitute for a keel is applied in the form of a sliding keel 
(called lee-board), suspended over the lee-side, as aeen in 
barges. But when the bottoms of vesBels are cot flat, or do 
not draw the same depth of water at the head and stem, par- 
ticularly the latter, the keel becomes more eseential, or the 
■hip will have a rotatory motion and be under no command. 

With regard to the depths of keels, it will be needless to 
repeat what has already been given in the experiments, from 
JS to 58. 



cn AFTER xn. 



Having terminated the experiments relating to the midship 
eotion, and lee-way or lateral resistance, it will not he de- 
parting from the subject in view, to Introduce uv lVtv&'^W«.% 
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few examples of floating bodies varied in their dimensions, and 
to compare their respective speeds. 

First. 
Diagram A, a boat 5 inches wide> 1 7^ inches long, having 
curvilinear sides ; weighty 25 oz. ; compared in speed with B, 
a boat 4 inches wide, 16^ inches long, with parallel sides; 
weight, 25 oz. Both these boats had then: bottoms carved 
upwards from their midship sections to their load water- 
lines. 

A 



5 



m 



^ CECTION 

CM 





B 



MIDOnP 

tll^ ttenoN 

01 




CM 



\B 



^/i M 



5 
St- 




Id 



i/k. m 







Experiment 63. 
The boat A beat B in speed by 6 oz. additional weight, 
that is to say, to cause the speed of both to be equal under the ' 
same drawing force. The stability of A equalled 5 oz. ; that 
of B, 3 oz. 



Second, — Experiment 64. 
The boat A compared in speed with a boat C, after tb^ 
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D bird, being 4 iiiclies wide at midship, 1 6 inches long, 
nnug its bottom curved up the same as A, aad of equal 
agLt, beiDg 25 oz. The boats A and C were equal in speed, 
rhe stability of A equalled 5 oz. ; that of C, 2 oz. 

Experiment 65. 

Bnt when C had the angles between the bottom and aides 

Amoved and smoothed down, C then beat A by 4 oz. extra 



Veight. But the stability was, in consequence, reduced from 
oz. to 1-} oz. 

Third, -—Experiment 66. 
The boat C was compared in speed with a boat of the 
Kdee form, bat witb the bottom not cut up, being left flat 
E in the diagram D ; the weights equal, and being in this 



ice 22 oz. The boat C beat D by 12 oz. extra weight. 
JtabOity of C equalled 2 oz.. and that of D, 2 oz. 

Fourth. — Experiment 6?. 

,^e boat A was tested in speed with a boat B, 5i inches 

Mp. 18 inches long, with curved sides, and bottom curved 

dtesame as A. Their weights being first maAt to tOTxessjcroii., 



J 
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the trial upon the water gave their speeds equal. The stal 
of E was 5^ oz. 

Experiment 68. 
Upon the removal of the lower angles of the boa 
making all smooth, its speed was improved 4 oz., so tl: 
beat A by the sum of 4 oz. 

Fifth. — Experiment 69. 
The parallel-sided boat B, being tested against a pan 
sided boat F, with triangular form of midship section, in v 
4|- inches, and in length 15 inches, with the weight of 
21-J- oz. ; the form of bows the same : being attached tc 
two arms of the balance-rod, and drawn through the w 
the result gave 4 oz. in favour of B ; that is, the addit 
weight of 4 oz. was put into B, which then rendered 1 
speeds equal. 



-^ 
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This was not a fair trial, F being wider and shorter tha 
The stability of F equalled ^\ oz. 

Sixth, — Experiment 70. 
The boat B was again tested with another boat G, the i 
ship section being a triangle; the length and breadth 



as B, iind weight equal, being 21^ oz., and having the 
KiWB of the same form. 



EXAMt-LRS OF FLOATING I 



The trial gave 8 oz. in fcvaur of B, since the anperior speed 
^qaired that weight extra to retard it to an equality 
le stability of G equalled 1^ oz. The boat B 
I inch TOater at midship, F drew J inch, and G drew 
the respective weight of each being the same. 



Sei-imt/i.—Ej-periment 71. 
B.boat C being compared in speed with a boat H, of the 
jBghl, and width of 4 inches ; but in length 20 inuheB, 
f the bottom curved up as C. 




The boat H beat the boat C by 12 oz. ; H requiring that 
idditionpl weight ta equalize their speed. Tlie stability of H 



I 



Eighth. — Experiment 72, 
Tlie boat 11 was compared in speed with a boat I, of the 
weight, namely, 33 oz., and width of 4 inches, but 28 
ichcs long, having the bcittom curved aa H. 
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ON THE FORM OP SHIPS AND BOATS. 




The trial gave the speed on the side of the boat I, and eq 
in weight to 24 oz. extra. The stability of I was 2J oz. 

Ninth, — Experiment 73. 
The boat I beat the boat E, before the angles were remov 
by 32 oz. The stability of I was 2J oz., and that of 
5} oz. 

Tenth, — Experiment 74. 
A boat K, 4 inches wide and 16 inches long, having 
midship section at the point of half its length, with the b 
and stem alike^ was tested against the boat C> but with boti 
not curved up. The weight of each 20^ oz. 



if, IN 





The boat K beat in speed the boat C by 2 oz., but its con 
through the water was much inferior to C, therefore a piece 
keel was necessary to remedy the evil. The etabiH^^^ 
equalled ^ oz. \ that of C, 2 oz. ^ 

Eleventh, — Experiment 75» 
The bird-Bhaped boat H, being 20 inches long and 4 inch 
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f TLOATING BODIES. 



led at the bottom towards each end, being 
B straight, was tested against a boat of the form marked 
the length, width, and weight the same as H, which 
Jled 22 oz. 




te trial of these two boats gave the speed on the side of H, 
1 its bottom not curved, and to the amount of 4 oz. in 
■a weight when the boat L was drawn with its stem fore- 
it j but when tested with its bows foremost, no difference 

perceptible between them in speed. The stability of II 

2Joz.; that of L, li oz. 

Experiment 76. 
)q comparing the speed of H, with its bottom curved up, 
J the boat L, the difference was 12 oz. on the side of H, it 
ig 80 far superior to L. 

Twelfth. — Experiment 77. 
Vo boats, one of them, M, after the form of E, being 18 
more than 5i- inches wide, and which' 




iras in this instance situated at tlic m\4.-\e\i'gO(\,'H-(ii'&fc 
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ON THE FORM OF SHIPS AND BOATS* 



bottom curved up to the load water-line, commencing firam^ 
middle length, and terminating at each extremity; wa^ 
21- lbs. The other boat, N, 20 inches long, and a trifle mi 
than 4 inches wide, sides parallel, but the bows the saiiM 
both, weight equal to M. This boat was also carved up fn 
the mid-length to each extremity. 
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The result, upon trial, gave the speed 3 oz. superior on 
side of M. The stability of M equalled 6 oz. ; that of 
4 oz. 

Experiment 78. 
When the boat H was tested with the parallel-sided I 
N, their respective weights being 2 lbs. 7 oz., the boat HI 
the boat N in speed by the extra weight of 16 oz. 
stability of II equalled 2\ oz. ; that of N, 4 oz. 



Thirteenth. — Experiment 79. 
A boat O, of the bird shape, 5J inches wide, 28 inc 
long, weight 2 lbs. 5 oz., was tested in its speed againi 
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also of the bird shape, 4 inches wide, 28 inches long ; 
;ht, 2ib8. 5 oz., and denoted in the preceding diagrams 
the letter I. I sank in the water \^ inch, and O sank 
inch. 
le result gave the speed on the side of I, in the extra 
it of 21 oz. The stability of O was 8 oz. ; that of I, 
^oz. 

\ 

;^ Fdurteenth. — Experiment 80. 

The boat was tested with a boat P, of a different form, 
of the same width of 5|- inches, 28 inches long; and 
i^ght of each, 3 fbs. 4 oz. O sank in the water j-f- inch, 
P sank f inch. 





//v 

it 






2 9 in 




The boat O beat P by 2fbs. 5 oz. extra weight. The 
fbbility of O equalled 8^ oz. ; that of P, 12 oz. 



f Fifteenth, — Experiment 81. 

t" The boat P was tested against the boat Q, being 8 inches 

{vide, 28 inches long, and weight of each 3 lbs. 4 oz. P sank 

b the water -f- inch, and Q sank f inch. 

t The boat P beat Q by 20 oz. extra weight. The stability 

erf P equalled 12 oz. ; that of Q, 21 oz. 
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Sixteenth, — Experiment 82. 
The boat Q was tested against the boat R, being 1 1 i 
wide, 28 inches long, of the bird or duck shape, each wei 
51fes. 1 oz. Q sank in the water If inch, and R 
yf inch. 




The boat Q beat the boat R by 4 oz. extra weight, 
stability of Q was 25 oz. ; that of R, 29 oz. 



Seventeenth, — Experiment 83. 
The boat Q was again tested with a boat T^ of simi 
mensions, being 8 inches wide, 28 inches long, but 



CONCLUSIONS, 4a 

eighing 4tta. G oz. Q sank in tlio water -|^ inch, and T 
Bik ■} inch. 

The boat T beat the boat Q in speed by 32 oz. extra 
iBight. The stability of T equalled 16 oz. ; that of Q. 
( oz. See diagram at the end. 



I Experiment 84. 

I This experiment was made to ascertain the law of the 

pnsity of water with respect to bodies floating upon its aur- 

Lee, and the displacement they occasion. A tin vessel of a 

[uare form, and measuring- 4 inches cube, was put on the 

mi having first noted the displacement by its own 

light, 3 oz. were then put into it, when their displacement 

careAilly marked upon one of the sidea of the vessel. 

lother 2 oz. being added, the displacement vras again 

larked; and so on to a third, &c., &c., up to IS oz., 

Itogether making, in the whole, eight divisions. Upon 

leaeuring the several divisions recorded, they were fouod all 

[ual J consequently, showing that equal weights caused equal 

iptacements. This law applies only to bodies floating upon 

near the surface. 



CHAPTER XIII. 



completed some of the most necessary experimente 
to ships, as a supply of materials for the foundation of 
lie superstructure, a brief recspituigtion of the conclusions, 
efore entering upon the construction of a boat or ship upon 
[te principles proved essential to be observed, will, it is con- 
Jored, simplily proceedings, and therefore be nest entered 

0/lhe Redslance of Walei- against thf Head af o. VtmA. 
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li THE FORM OF SHIPS ANO BOATS. 

■With a square and perpendiculai- bow, the rea 
the surface. 

Of Weight— iU Efects u-he» placed in a Body Jtosl 

'(((«■. — The resistance of water against any i 

ilght 13 directly as the weight. 

0/ Lateral Seaislanee. — The centre of lateral resnt 

exactly at the mid-length point of the keel of a sbij 

floating level, and at rest, but not otherwise ; for w 

the head or how meeting with greater n 

n- than any other parts, the centre of lateral Ml 

'ill be moved proportionately forward. 

Stability. — This acts when the width ia increased a 

larly in the cubic ratio, but not afterwards, faein^ g 
,4, 22 : and when the length is added to, the law i 

lity, if the dimensions be doubled, operates in the pnq 
of 1 ; 3 ; then, the same quantity of length being cost 
annexed, it takes the arithmetic ratio. Again, the bej 
thickness of a body being alone varied, the law of a 
operates most when the depth, measured from the ] 
flotation on the parallel- sided body, equals one-flfth 
width, the centre of its gravity being on a level wi 
surface of the water. 

The Form of the JBowi.— The conclua 
sharper the form of the bows, the less Is the resietanc 
water ; and if gentle horizontal curves be substituted fi 
zontal straight lines on the sides of the bows, the tpa 
be improved. 

The Berelliny-vp of Ike Bowt.— The effect of the Tw 
up of the bows is in favour of speed by dinuiuslii 
si stance. 

The Beuelling-ap of the Stern. — The tapering ofti 
throughout the greater length of the body of a ship ii 
lental to speed i but if it be commenced at the midafa 



coNCLueioss. 47 

m, und the reduction moderate and a curve, the advant&ge 
nil be great. The same benefit results when the bottom is 
mtly curved up from the miilship to the stem. 
I Cfthe Length of Ships, all having Ike aame Botes andBeant, 
]fnd egwal in height. — The result obtained is, — if equal in- 
meot of length be tested, equal advantages will be obtained 
1 the side of the equal increments, 

TAe Form of the Midship Section. — As regards speed, the 
eniiciTCular form poasesaes the most, and the triangular one 
e least. Again, the flat-bottom floats the sballowest, and 
e triaugle the deepest, being double that of the former when 
i cqtnl weight. 

Zee-way. — This property in a ship depends directly upon its 
lerpendicular depth and length at which it ia immersed whilst 
g upon the water. 
Of Floating Bodies varied in their Simensiotis. — It appears 
t the shallower the same weight can be supported upon 
er, the leas the resistance an regards speed : conseqaently 
ixtended surface of bearing to a certain degree is advantageous 
owairda facilitating progress, and which a moderate curve 
waya imparts. But where an extension of surface -bearing 
n be obtained withnac loss of speed, stability becomes di- 
Dtly increased, which is a gain in power to vessels impelled 
brward by the wind, as it admits of a proportionate inci'ease 
a the breadth of sail, and therefore of speed. 

Whilst carrying out these particular experiments, it ap- 
^aredi that if the angles exposed in any way to the water were 
randed off, greater speed ensued ; but it was generally at the 
I>en8e of stability, and decidedly so if the projectiona be low, 
»nse the greater is the length of lever from the centre of 

Curves were found to favour speed in comparison with 
etraight lines ; consequently the latter are to \ie. a.-icAe.?!. ■a* 



much as possible wherever speed is the object, and 1 
and steam are lo he the moving powers. 

With respect to the general form of ehips, ezperimi 
cides most positively that the bird or duck species 
true models for comparison and study, since the forma 



CHAPTER XIT. 



»i Much has been said upon the comparative speed df M 
models, likewise of their stability, Now, as etalnUty^ 
the basis of the power bv which the wind, acting' upon 
impels forward the body of a vessel, it will be right to 
into consideration and calculation these respective qon 
tions, as possessed by some few of the models wMdl' 
i been tested. It is evident that those models which e^| 

or surpassed their competitors in speed, and at tiw 
1 time had greater stability, will always, under the] 

weight, run away from vessels of less stability ; and 1 
be admitted, it will be necessary only to investigate thC 
extreme cases of both speed and stability, with the e 
of one or two instances, when the merits of all the red i 
as a matter of ci 

From what has been already ascertained, it appears that 
two models are of equal weight and similar outline, 1 
longer than the other, the former invariably has 
ia speed; consequently, in the following iavestigatiori 
calculations had best be confined to models of tSes 
length, but varying in their dimensions of breadth ; tha 
weights when tested against each other being always mafl 
equal, 
^^Bince the models of 28 inches in length are the largt 




thJ 
argeJ 



CALCULATION OF SPEED AND BTABfLITY. 49 

lieh have been employed, and from their variety of form, 
DQg-h only few in number, they may in fairness be selected 
r the requisite calculations. 

First. — Let the model I, in Experiment 72, be selected, 
lich is of the bird or wild-fowl shape, 4 inches wide and 28 
shea long. This, when tested with the model 0, in Es- 
riment 79, also of the bird form, whose breadth is 5f inches, 
Igth 28 inches, and tbe weight 2ftB, 5 oz., gave the fol- 
Wing result ; the model I beat in speed the model by 

oz. extra weight. The stability of I equalled 3|^ oz., and 
at of 0, 8 oz. 

Kow the 21 oz. extra weight may be called nearly half of 
E whole weight moved, being 2 lbs. 5 oz. The stability of 

which represents the power of carrying sail, is superior to 
»t of I, in the proportion of 32 : 10, or 3 : 1 ; therefore say 
0, which is 74 oz. over and above the model I. This sum 
[q be set against the one-third of the eitra weight of 2! oz., 
speed of I, and gives the balance of speed, the sails of each 
Ing proportional to their respective stabilities, greatly on the 
le of O, and equal in ounces to 74 — 21, or 53 oz, 
rhe draught in the water of these models, each laden with 
1 extra 21 oz., making 49 oz., was in the model I, 1} inch 
sp, and in O, f inch ; thus proving the boat with greater 
sadtb of beam would, under canvas, be decidedly the better 
It of the two. 

Second. — The nest models for comparison are O and P, in 
periment 80. These were both 5J inches wide, 28 inches 

r, and each of the weight of 3ibs. 4 oz. In this instance, 

ived superior in speed to P by 2tts. 5 oz. extra weight. 

tability of O now equalled &J- oz., and that of P 12 oz. 

,^^ztra weight of 37 oz. equalled, say two-thirds of the 

%t moved. 
gfe stability of P is not quite one-half mott \.\wto. "CoaS. lA ft , 
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ON THE FORM OF BUIPG AND BOA^ 

bat let it be so, which saxa, if denoted by ounci 
26 oz., and this aet against the 37 oz., the extra 
weight of O, will give the superior speed. 'When bo' 
placed under sails proportionate to iheir respecti' 
to the model 0, and in ounces equal to 37 — 5 
meaning when P and are moving under sail witi 
speeds equal, O will carry at the same time 1 1 oz. 
than P. 

The draught in the water of these two models, wl 
equal weight, and each having the extra 37 oz., or t 
74 oz., was in l-Jg inch, and in P |^ inch. 

Third. — The model P again made use of to test the 
Q, in Experiment 81. The dimensions, &c. of P are,, 
5 j- inches, length 28 inches, weight made equal to 3 fbe. 
The dimensions of Q are, width 8 inches, length 28 
weight 3 tts. 4 oz. The result, as stated in Esperimei 
was 20 oz., which P carried extra to cause its speed, 
equal with the model Q. The stability of P equalled \ 
and that of Q, 21 oz. The extra weight of 20 oz. is tWfl 
of 62 oz., the weight of the model. The stability of Q- 
three -quartera of P, or above that of P by threa-f 
^of 52, which, when reduced to ounces, will be 39, a{ 

ist the two-fifths of the extra weight or 20 o 
the balance of speed on the side of Q, equal to 19 

These two models, P and Q, sank in the water whei 
was loaded with the additional weight of 20 oz., or total 
TO, P i inch, and Q 1 inch. 

The conclusion arrived at is, the superior stability; 

tables it to have the advantage in speed over P, each 

11 proportionate to their stabilities. 

Fourth. — From the marked speed of over P, it ■ 
right to compare its qualities with those exhibited m ( 
lag been already shown that the speed of heat the 



f 37 oz., and P beat Q by 20 oz. ; therefore it will require 
n of the two, or 37 + 20 = 57 oz. extra weight placed 
J to retard its speed till it equals that of Q. The weight of 
b, as hefore given, equalled 52 oz. ; therefore the extra 
ght of 57 OK. esceeds it by 5 oz. The stability of O 
aied 6f oz., and that of Q 21 oz., without the 57 oz. extra. 
n Uie above it appears that O has tlie advantage in speed 
1 to more than the weight moved ; and Q has the excess 
talMlity above equal to one and a half its stability; 
A being reckoned in ounces equals 52 + 26 = 78 oz. ; 
the extra weight of 57 oz., when taken from 78 oz., leaves 
t. in fevour of Q, the model with the greatest breadth of 

! de^th or draught in the water of the models when 
J- the double extra weight of 37 + 20, or 57 oz., makmg 
total weight of each 109 oz., ^as in model O, If inch, 
n Q, l\ inch. The model Q, from its great breadth of 
I, wonld bent the model O, provided, as before mentioned 

a preceding cases, the surface of the canvas he propor- 

te to their et abilities. 
1^. — In Experiment 82, the model Q was tested against 
THie dimensions of Q are 8 inches in width, 28 inches 
; and the weight 5 tts. 1 oz. ; and those of R, 11 inches 
I, 28 inches long, and weight 5 fts. 1 oz. also. Like- 
fit is there shown the model Q heat in speed the model R 

w. extra weight. The stability of Q equalled 24 oz., 

Itat of R. 29 oz. 

e extra weight of 4 oz, is one-twentieth of 81 oz., and 

ability of R exceeded that of Q by 5 oz., which is rather 

than one-fifth of 24 ; and, estimated in ounces, will, in 

., the weight moved, equal 16 oz. ; and, minus the 4 o 
t weight, the measure of the superior speed of Q,, lesLit 

J. Bs the advantage, ultimately , of "& ovct Ql. tkai!»Mww& 
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the aliove to be correct, then E, under sail, and of < 
weight with Q, will beat that, or any other of the sa,iiji 
hut having the heain of less dimensions. The two r 
and R saalt ia the water J inch when of the same weigllkl 
with the addition of the 4 oz. extra, or total 85 oz. 

Sixth. — In Experiment 83, the model Q was tested a 
T, the dimensions of these two boats being the same in 
length, and weight. The result of their speeds ii 
denoted— that T beat Q by 32 oz. The stability of T equaB 
16 oz., andthat of Q, 23 o 

Therefore Q has more stability than T by nearly one-hrij 
being 7 oz., which, if ;iut in oances, equals 3t)| oz. 
extra speed of T was 32 oz. ; and. taking 30ioz.. or3 
leaves the earn of 1^ oz. on the side of T, which \ 
consequence, under equal weight and sails proportional 
their stabilities, beat Q by the said extra weight of 1^ 
The models Q and T sank into the water when of the a 
weight, thus: Q sank if inch, and T sank l-J^ inch. 

The inference which may be drawn from these calcnlao 
is, that Q, if lengthened, would beat R ; and R, if made Io( 
than Q, would again beat Q. Moreover, if a model, say S 
made of the same proportional length and breadth of R, I 
lengthened, meaning the breadth at the midship to be 
fifths of the length, but the length of 8 to equal the length ( 
B, increased, the breadth of S will then exceed the breadth ( 
I R, whose length alone had been added to, and therefor 

^^k be beaten by 6. 

[ Cha 



CHAPTER XV. 
It has been seen id the investigations of the 
Chapter, that when any two of these models wer 
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ind equal length, the one with the greatest breadth of 

Hkt the other. In the Experiments on Stability 

Mid Scale C. it is ahavrn, that when the thickne^B 

|i of flotation is varied, the breudth and length being 

istant, the grenteat stability exists at one-fifth of 

■Now, it has been before mentioned in the last Chapter 
el&tive to the depths of the lines of flotation, that in eoine 
istances, as in Experiment 80, In I. it exceeded the one-fifth ; 
18 in Experiments 81, 82, it was less. Upon 
eeting a few of the models between one-fifth and one-fourth 

r the line of flotation, the following proved to be the 

With the models I and 0, each having their lines of 
totation situated between the one-fifth and one-fourth, which 
a the model I equals ^ inch, and in O equals l^- inch, at this 
[epth the weight of 1 was required to be increased until it 
Itogether equalled 3!)| oz., and model O equalled 78 oz. 

In the Experiment No. 80, the models I and O being then 

equal weight, the speed of I beat the speed of O by 21 oz. 
Jnder the present circumstances, O exceeds the weight of I 
ty 39 oz. ; therefore I has the advantage over O of 21 02. and 
together 60 oz. With respect to the stability 
lOesessed by these two models, I and 0, it was found upon 
nal that I in stabdity equalled 2^ oz., and O equalled 8-1^ oz., 
bowing to have 6 oz., or two stabUities above I, which in 

leoght equals 78 oz. ; but take away the 60 oz., and there 
n favour of the model 0, when under sul, 

Xiikemse, in the same Chapter, it is stated of the models O 
bd Q, that when of equal weight, O beat Q by 64 oz. extra 

ight. Upon causing the modcd O to sink in the water untU 
load-line was between one-fifth and one-fourth, it required 
of its weight, as before g\'«Mi, 'O^ \a 1% o 
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qaal 153 oz. The stability ivhich 
#rRi in 8| oz., and Q 32 oz.— tiiBt le to &ay, tbe 

Bes (let it be granted) two and a half Etabilitien 
the model O. or in oz. 78 + 7S + 39 ^ 195. He 
from this sum muet he taken the extra weight of Q tifa 
which is 74 oz., together with the 64 oz. tbe extra wt 
speed, and eiiuailing 138 oz.; or 195 — 138 = 57oz.j 
number of ounces ia on the aide of Q, when under « 
portionate to its stability. 

■, Again, with regard to the modelB Q and R: w 
ij^qual weight, Q heat E in speed by 4 oz. extra weight. 
5ieen mentioued before of the model Q, when the line a 
' tion was made one-fifth and one-fourth of the beam» 

required tbe whole weight to be 152 oz, Tbe model II 
similarly circumstanced, required its whole weight to 
to 292 oz. ; and the stabilities of these two modela t 
equal to 32 oz., and in U, 42 oz. : therefore, in tbe 
instance, R has one-third of k stability above Q, ytl 
ounces equals 152 -i- 3 = 60; but from this 
weight of R above Q must be deducted. No' 
R equals 292 oz., and that of Q 152 ; then 292— 158 
140 oz., which, with the 4 oz. representing the speet 
above R, comes to 144 oz, Tbe superior stability of 
been shown to be 50 oz. ; therefore 144 — 30 = 94 i 
which Q heat R in speed. 

From the above result it is clear that for the mode 
heat in epeed the model Q, it will be neceasary to pis 
line of flotation considerably lower than one-fifth, so 
I materially lighten tbe whole weight of R. But upon 

^^ftfrat 96 oz. from R, thus leaving 19G out of 292 oz 
^^Ktability of q. as before, equals 32 oz., and that of R 
^^^B4 oz. ; and R sank in tbe water with the reduced weight 
^^^Bd lyj^ inch, and Q also to I^ inch. The ditfcrcnce 
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resent stabilities is 2 at. for R, which in ounces = 152 -;- 32 
= 4^ for each ounce ; and, therefore, the 2 oz. of greater 
tabaity = 9 oz. ; and heing taken from 196, or 19G — 9 
= 187, and 187 — 132 = 35 oz. of speed against R. 

Again, after lightening the model R until it equalled in its 
vhole weight 152 oz., the same aa the model Q, the stability 
»f R was now tried, and found to equal 32 oz., equalling that 
if Q; and R sank only to \^ incb. 

It has been previously mentioned that Q heat R in speed 
rrhen they were of the same weight, by 4 oz. ; consequently, 
^eir stabilities being now the same, Q will, under sail, again 
!)eat R. Before, however, the result was quite contrary, aa R 
by its BUjierior etafaitity beat Q. This being the case, it then 
appears, that for R again to beat Q, more weight must be re- 
moved out of R ; that is to say, until it is of the same precise 
iveigbt as it was, (usinKxperiment S3,) namely, SI oz. instead 
[>r 152 oz. 

When the models Q and T were made to sink down into 
ihe water to the depth of between one-foarth and one-fifth of 
their midship breadth, the weight was required to be increased 
ill it amounted iu the total of the model Q, as before given, 
;o = 152 oz., and that of T to = 140 oz. 

In iSinsequence of the above additional weight, the stahilily 
of T equalled IS oz., and that of Q, 32 oz. 

It appears then from these stabilities, that tbe model Q has 
tbe advantage over T to the amount of three-fourths of a 
(lability, and which, if put into ounces, eqnals 105, the 
rtability and weight of T. Q exceeds T in weight by 152 — 
140 = 12 oz. ; but the extra speed of T over Q = 32 oz.. 
Much sum must he deducted also ; then Q beats T in speed, 
^ben both are under sail, by the number of 105 — 12 + 32 
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ON THE FORM OF SHIPS AND BOATS. 



I. — Table of the difference of the Speed between th 
Models when towed through the Water. 



Model. 


Shape. 


Beam. 


Weight. 


Result. 






Inches. 


Ounces. 




'0} 


Bird 
Bird 


4 
6| 


37 
37 


} beaten by 21 


?} 


Bird 
Oblong 


5f 
6| 


52 
52 


} P beaten by 27 


1} 


Oblong 
Oblong 


61 
8 


52 
52 


\ Q beaten by 20 


2} 


Bird 
Oblong 


fit 
8 


52 
52 


} Q beaten by 64 


g} 


Oblong 
Bird 


8 
11 


81 
81 


\ R beaten by 4 < 


?} 


Oblong 
Bird 


8 
8 


70 

70 


} Q beaten by 32 



I is the swiftest, the second, T the third — all of th( 
shape. 



II. — Table of the difference of Speed between the Six 3 
when considered under sail proportional to their stab 
and carrying a light load. 



Model. 


Shape. 


Beam. 


Weight. 


Depth. 


Stability. 


Result, 






Inches. 


Ounces. 


Inches. 


Ounces. 




'0} 


Bird 
Bird 


4 
6| 


37 
37 


15-16 

11-16 


2* 
8 


1 1 beaten by 


?} 


Bird 
Oblong 


6$ 
5$ 


62 
52 


15-16 

6-8 


84 
12 


} P beaten by 


l) 


Oblong 
Oblong 


51 
8 


52 
62 


&-8 
5-8 


12 
21 


} P beaten by 


2} 


Bird 
Oblong 


5$ 
8 


52 
52 


15-16 

5-8 


8i 
21 


\ beaten by 


2} 


Oblong 
Bird 


8 
11 


81 
81 


7-8 

13-16 


24 
29 


} Q beaten by 


?} 


Oblong 
Bird 


8 
8 


70 
70 


13-16 
7-8 


23 
16 


\ Q beaten by 



The model R is the swiftest under sail with the light 
T the second, and Q the third; Q heing of ohlong 
R and T of the hird shape. 
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11.— Table 0/ the differmce of Speed between the ModeU 
when supposed to be under tail proportionate to their ata- 
bUiliea, and to loaded 0* to draw between one-fourth and 
ont.fifth of their Beam» deep in the Water. 


Mad.1. 


Shape. 


B™ii. 


WtiBhl. 


Rtptb, 


subiiitr. 


Btiult. 




1} 
8) 

) 


Bird 
Otllong 

Ohidng 

elrd 
Oblong 




;1 


Inchci. 
1 13-'l6 

1 3-8 


39 
8J 


}lb»»nbytBo<, 
}0b«li.obj.s7o.. 
}Bb«^b,9.o.. 
} B batea bj M oi. 
}Tb.a«,b,m^ 
}Pbe„^b.fl™. 


The model Q is the swfteat under sail, when full loaded, 
ad the second; the olilong, in this instance, being the 
eet. 

V. — Table showing the proportion of the Beam the depth of 
Flotation ought to be for the greater Speed, with Bottoms 


Model. 


Sh^, 


fliin 


wtight 


IHpO,. 


auwuir 


"S£" 


ofBniDtotb* 
Length. 




1 

1 


Birf 
Obion ff 

bIm 


ii 


IS 


ln[he>. 


a? 

s 

Hi 


ODe-FDUctDCll 
Onc-Ninlh 


3 


Upon a review of these Tables it will be seen, that a 
kazimum of weight and speed is incident to some forma of the 
odels, and not to othetB. Th\B c\Tc\rai«.™.ce. \4 ir.'i«. * 
rent ia the long bird or fish abates, ^va-ia VVw *^^ 
c 5 


4- 



cease to increase with additional -weig'ht, after it amounts to 
certain quantity ; that quantity, tberefore, may be deaomiiuA 
the limit or maximum. But with the oblong model Q,h 
the duck-shaped model B. any increase of their weights 
attended with an increase of their stability also. However» 
ia aeen of ihe model Q, that with the increased Bta%3il 
consequent on the additional weight, the speed ie not 1 
retarded by it as in the case of the model It and the OW 
models 1 therefore advantage can he taken of this peculiaii^ 
for all ships intended for burthen. 



■ CHAPTER XTI. 

■ The six models just treated of were ail with fiat bott< 
and this for the .'ake of convenience. The forms calcolatedj 
service must have the curve along the bottom, as shomi | 
so necessary in Experiments S3 to 36. They must have 
wise the keel deeper towards and at the stern than 
and at the stem (see Experiment 5): again, the space bel 
the curve along the bottom and the keel must be 
at both stem and stem, and so constructed as to offer 
bows, from the cutwater to the midship, the least 
poBsihlc to the water; and from the midship to the stern. 
to afford the easiest and most direct passage for the 
that it may act to the best advantage against the sides 
rudder. 



e filled.! 



-P 



Upoa an iDepection of the ttCOom^eKjmg iw^wa.i*.'^ 
aeen that the part cut off the flal hottom.'^'i ^«. «w*^ i 
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learly the triaugles a b c aud c d e ; but since a portion 
IS will be made up by the sharp bows and body- 
between the keel and the line of curvature along the 
it will occupy the space of about half the cubic paral- 
! therefore a quarter part only will be necessary to 
the depth at the midship section for the load-line 
if flotation. Upon testing' the above by two models, one 
nth a flat bottom, the other curved and yet left filled up, as 
squired between the curve and the keel, the displacement in 
lie water gave a quarter part as the exact difference. This 
iroportion of a quarter part to be added to the depth at mid- 
tliip, applies to all the six models, from their similarity in 
latoess : therefore the depth at their midship section for their 
oad water-bne should be increased by one-quarter part of their 
Iraught, when having a fiat bottom at midship. 

On turning back to those ex[)eriments which relate to the 
lepths of keels, commencing with No. 44, it will be seen that 
he flat-bottomed model (No. 2) required no keel; likewise 
,be triangular midship model No. 3; but to the forms Nos. 1 
ind 4, keels were necessary. 

Before deciding upon the midship section best calculated for 
lervice, it will be right to criticise those sections ■which have 
peen already tested. To this end, it will be advbable ta 
■eview the Experiment 41, where it appears of the triangnlar 
podel No, 3, that its speed equalled Nos, 2 and 4, the latter 
laving been previously made elhptic. In lateral resistance. No. 
I possessed the same as No. 2, Experiment 54, In stability, 
fjo. 3 proved the worst of the four (see Experiment and Table, 
ite. after No, 43). Lastly, in depth or draught. No. 3 again 
Exceeds all the others. The conclusion to be drawn from the 
preceding facta is of such a nature as to justify the Te.\«A.t.ifi'& 
^f Ute trhDgt2lar form of midahip. 
The semicircular form of mldsbip t.'N o . V^ ^Qft?,?ami ^'S'ts.^s- ^ 
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^ wie good quality ; but which advantage is counterbalM 
first, by its circular outline being conducive to rolling; i 
the depth at which it floats ; and third, its deficiency ia s 
lily. These evils, it must be admitted, are highly objecUoi 
and warrant the rejection of the semicircular midship sec 
except where speed only is sought, when the employme 
iron or lead ballast can be had recourse to as a corTective I 
instability. 

There remains to be considered the fiat- bottomed n 
No. 2, and the elliptic one No. 4. 

The model 2 (as shown in Experiment 41) ia inferior ia 
speed to No. 1 ; but as reg^irds all other qaalltie! 
to every sliip, particularly for burthen, very far the sujierior,— 
ist, \a floating depth (see Experiment 43) ; 2nd, in not rolliflgt 

I 3rd, in lateral resistance (see Experiment 44) ; 4th, in Etabilil]! 

K^^^ means of speed (see Table after Experiment 43). 

^^^^.The elliptic midship model (No. 4), as stated in the eeva 

^ViJzperimettta before adduced, ia equnl in speed to No. 2, but 
slightly inferior to the same model. — 1st, in depth of flotatiMi 
2nd, by roUing more ; 3rd, by having leas lateral resistunotl 
4th, by possessing less stability. 

The next point to be considered, before finally del 
upon the midship section, is, that part of a ship's 
which is above the load water-line— meaning thi 
whether they should be continued up perpendicul 
slightly inclined outwards, bo aa to present at the li 
larger bearing on the water, to operate in an inoreasi 
against the force of the wind upon the sails. 

The Experiment 63 shows that the stability of thi 
(No, 1), having right-angled sides, equalled the stability 
model No. 2, with its sides inclining outward ; and when 
were lightened, the influence ot the siAea VtiwbwuSaift&.i 

I wards became apparent in the stablit-j temaaim^ 
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Jo. 1 tile stability was improved to the amount of 
lialf an ounce : coDsequently there appears no good reason for 
giving a preference to the bevelling-out sides, over those 
carried up perpendicular. 

From what lias been elicited, it appears that any approach to 
le trianguiar midship Bection has its stability improved ma- 
erially by ballast or weight; for, in fact, ic is indispensable, 
lince it possesses none without ballast. 



CHAPTER XVII. 
"Hie criticism of the four models of midship section being 
iCTidaded, the inference to be drawu from it is, that (No. 3) 
he Sat bottom exceeded all the others in the essential qualities 
a sbip of burthen. But since speed is now become so 
iseential a quality in a ehip, those curves must be adopted 
vhich have been proved so advantageous in Experiments 33, 
I. Chapter VIII. ; and in eonsequence, the flat bottom can 
mly be preserved entire at midships -, thus making the addition 
if a keel absolutely necessary, both before and after that point. 
lib. 4, tlie elliptic form, comes nest. When carrying out the 
S^riments undertaken, with the object of ascertaining the 
fiiects of additional weight, for the purpose of gaining an in- 
deptli of flotation io the six models, it appeared that a 
few of the models were influenced in their stabilitiea 
liflierently from the others. 

The models in question were those which partook of, and 
mproximated in their forms to, the parallelogram and square, 
of the oval and circle ; and in these the etahihty increaaed. 
vitb the additioDsd weight. On tixe o'itv.w 'WivSk, fciXoo^'o*^ 
ad bird-sbape models ceased to vm^rose Vo. "^w *,"«^iiWi ''^'^ 
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a certain amount of weight, they having-, as it were, an e 
limit to any further increase of the sanie. This peculisf 
racteriatic (and confined almost to the two models Q and B 
of great moment wlien selecting forms for varioiis purpoB 
and the cause of the same must be looked for in t 
ness or sharpness of such craft, particularly towards their In 
and stern. 

The Experiment No. 8, and Table C, eshibits No. 3, 1 
one-fifth of the base or beam far the depth of flotation, as \ 
sessing the greatest stability. Now, admitting the d^ith 
flotation to be one-fifth at the midship, then the depth t 
the midship towards both head and stern must be gp 
than one-fifth, — indeed, be in an increasing ratio as the dial 
nears those extremities ; consequently the stability dimin: 
proportionally, as shown in the same Table C, in No. 5, 1 
inversely to the length ; thus throwing the support of fl 
parts upon the superior stability abont the midship x 
which, therefore, must necessarily be reduced. The a 
diagram will explain the meaning. 




idehip section. *, 
and draw the tbE 
parallel to 
well known, thiil 
straight line ro equals the straight line h i, which is |i,'i 
the line a d. h i is less than b n ; so also mast be ita ^ 



^^^»»ii 

n 



JhjTO bencB it followa, that Binoe bo '■vs gtw 
oae-Sfih of b d likewise gteat« \.Wa a 
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lonsequenlly the stability is proportionally less. The same can 
s showii of every line that may be drawn parallel to b d, 
letween b o and the extremities a aad c. 



CHAPTER XVIII. 
Freauming we are thus far correct, the difficulty then almost 
liahes relative to models or forms of ships for particular 

n with boats intended for speeds and to be impelled 

^by the oar. Now it has been seen in Table No. 1, of 

ice in speed between the six models when towed 

E water, that the model I proved the swiftest. This 

:s proportion of length to breadth, is seven times the 

It greater speed be required, then eight, ten, or even 

■.times the breadth may he selected, the midship sec- 

KkB semicircular, and to be situated at the middle of 

1 (see Experiment 75), or from that to an ellipse; 

! utmost care will be requisite to prevent upsetting 

h deficiency in stability. 

R steam vessel upon rivers, and without the aid of sails, 
a the beam or breadth, as the length, will be found to 
tvery well, with the midship section semicircular, and at 
i(-length (see Esperiment 75), or nearly bo. Here iron 
i as ballast will greatly improve the stability ; but then 

n extra load to carry, 
a boats and steam vesselg are to have the assistance of 
E length should be about five times the breadth, as the 

ichta, which are vessels for speed only, imije.'lk.d fei- 
f sail, and consequently ie(\\iMwi^ ^ea.\. ^vi&A.'i ■ '^'>»' 
Jdd R, or between R and T, va l\\e ouft ™iw»X 'sW^:'"^ 
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for tlie purpose. The floating depth, according to Table I 
nmet be very ghallow, yet the keel with the bottom t 
should be made to descend down into the water f 
to Dbtsiii the requisite lateral resistance, having the 1 
spaces filled with iron ballast, to further improve the stabil 
for raciug purposes ; the masts, &c. being made proport 
strong. 

Sea fishing-boats should closely resemble the model B a] 
because, although required for burthen rather than speed, g 
stability is absolutely necessary for the sake of safety, i 
such craft rarely havg decks. Besides this, the cubic capacity 
of the form R is great, and at little cost, which is a coiisideiv 
tion with fishermen. The aides also should be carried up ht^ 
both for safety and burthen. 

The model Q presents the best form and requisites 
merchant service, which is made evident in Table No. III. Tits 
proportion of its length to breadtji is three and a half ibe 
breadth. In the same Table (No. III.) it appears that when tin 
oblong form of model, as P, is in length five times the beiin 
and possessing, as is there noted, greater stabihly than lii» 
model 0, yet the model beat P. and with less surfac 
which is an advantage as requiring less weight of m 
yards. 

Lastly, for ships of war, the model Q is here again p 
eminent for this purpose, particularly for the largest rates;} 
cause, in the first place, the stability increases in a 
the load ; and in the second place, of the greater bearinfn 
the water at and towards both head and stem ; and in ^ 
third, of the almost parallel sides, which afi'ord every faci 
for the carrying of guns, with space to work them ; 
draught in the water should on no account be great, because I 
speed is too esseotial a quality to be dispensed with ii 
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CHAPTER XIX. 



THK POSITIONS OF THE CENTRE OF GRAVITY. OF THE 
CENTRE OF LATERAL RESISTANCE, AND THE CENTRE 
OF FORCE OF TBE EAILS. 

The position of the centre of gravity in a. ship, with regard to 

its height above the keel, ahodd not exceed, when loaded, the 

e_of the snrface of the water (see Experiment 8, Table C) ; 

jse it will lose stability and become top-heavy. If situ- 

1 lower than the wuter-Iine, the stability will certainly 

roved; at the same time, a greater strain than needful 

e upon the vessel, and thus endanger the breaking of 

9 and yards, if they be not of sufficient dimensions to 

When the axis of the centre of gravity, considered 

mgthwiee of a ship, exactly corresponds with the surface of 

khe water, the rolling will be easy as far as the height of the 

nvity ie concerned ; but the form of the midship section 

y great influence in cheeking or increasiug such mo- 

tance from the head and stern in a ship at which 

putioa of the centre of gi'avity had best be fixed requires 

11 degree of reflection, and must be decided before the 

of the keel, because the circumstance involves 

t the places of the centre of lateral resistance and the 

mtre of force of the sails. 

pS'be Bole fish has the centre of gravity in the widest part of 

idth, and which, therefore, is its centre of motion. The 

3 of this point from each estremity of the fish ia just 

if its length from the head, and three-fifths from the 

insequetitly, gives one-fifth as the escoss of leverage at 

r that at the head. In a fish this is most essential, 

i it derives its power of \ocoTOo\,wn\ A\«&^ V^a\a. "CaK-j 

l lateral, and curved movemenVa o^ ftift X«iv.. 
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ON THE FOKM OF SHIPS AND 

A ship, which is a body impelled forward by sails, c 
no means answer if constructed altogetlier upon the prtni 
of the sole fish ; and chiefly on account of the centre of 
vity being ao forward, as stated. The consequence in pra 
from the great distance apart of the centres of gravity 
lateral resistance, would be a perpetual conilict against i 
other for the centre of motion, to the positive disparagei 
of the speed [ for, first, the influence of gravity would p 
centre of motion at two-fifths of the length from the o 
second, the lateral resistance would operate to carry t 
centre of motion topords the centre of length ; 
centre of the force of the sails, if not situated ■well i 
means of a long bowsprit, would be perpetually caui 
ship's head to fly up into the wind. From all that I 
stated, it appears in every way impolitic to have the c 
gravity situated too far forward. 

In Experiments 73, &c. of the six models, it is shown 
their centres of gravity taken in the solid state of the a 
themselves, previous to their being hollowed oat — and, t 
fore, their true centres being likewise centres of displa 
with regard to length, — are situated forward and a triSei 
than their mid-length. Now, if the centre of lateral reAIBI 
be influenced by the head resistance, the two centres, i 
of gravity and lateral resistance, would nearly o 
To accomplish this point, which insures i 
a great measure, of easy sailing and steering vessels, it' 
be done through attention being given to h 
the lime of malting the design, — as by well slanting tlA 
water, without however losing a good foot-hold, and dcQ 
ing the keel towards and at the stern — whose post sboa 
perpendicidar, as length of keel operates with the best I 
1 improviDg lateral resistance, — whereas the deepenii^f 
acta to overturn, and thus leeaena the resValaiice Cse 
^ -Xf.J ! by this means the two cenUes rf gvsw'ft^ wA.\ 
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ice fviU be made to approximate very closely, or quite 
inite. Notliing now will remain to make perfect the suling 
ind steering bat to place the cenlre of the effort of the sails 
irpendicularly over the two centres before named. If this he 
»t effected, then whichever way the preponderance of the 
(ower of the sails operates, it will, if towards the stem, cause 
he head to fly Dp into the wiad ; and if towards the head, 
it tu fly from the wind. The helm, which is the tell- 
ale, will counteract in part these propensities ^ lilicwise the 
■eduction of sail at either stera or head, but that must he 
it the expense of speed. 

If what has been stated be admitted to be correct, the three 
sentres then ought to coincide as nearly as practicable, when 
lie steerage will be easy, and only require the motion of the 
lidder to overturn the equilibrium to alter the course, 

Again, the centre of gravity, though situated correctly aa to 
bB height, may yet be extremely injurious to easy motion of 
litching and rising, if the heaviest weights be stowed very 
bre or aft. Instead of which, they ought to be placed at or 
the position of the centre of gravity, the object being the 
eudering the vibration like a ecale-beam, easy and without 
To fix the exact plaji of stowage ia out of the ques- 
t is best completed at sea, correcting any evils that 
oay present themselves. 
The place of the centre of gravity between the head and 
■m ia ascertained pretty correctly by the surface of the 
rater coinciding with the load water-line, obtained and laid 
)wn from a correct model. But the axis of its height is 
ttremely difficult of detection ; and the readiest mode which 
veents itself would be, the placing of three or more cups or 
rpen vessels filled with water, upon separate yet moveable 
betves, a few inches or more perpendicularly above each other, 
it the centre of the ship's width and ceuUe d ^ta.V'Sq , vs^t-'oi 
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jngthwiae. This being done, and a lateral rolling motion B 
inunicated to the ship artificially, or the taking advantage \ 
light wind upon smooth water, and ohaerving particuIai^Jl 
Burfacea of the water in the cups,^then if the watQTtt 
of them be seen merely to rise up first on one side,.'! 
on the other, but in the remaining' cups if the mtifl 
water be more rapid, even to overflowing — thatB 
wherever situated, caimot be far from the h 
tion. Should any doubt on thia question, a 

1 said cup a trifle higher or lower, until the due quietude .fii 

I water surface be obtained. 

^ Since curves mast be substituted for the etraighl line ii 

forms of the bottoms of all vessels of speed, as proved, fl 
Experiments 33, &c. Chapter VIII.) and in consequen 
keel is indispensable, the midship section, but particiilttn^ 
parts fore and aft of the same, will partake more or leM'^l 
elliptic and angle shape. 

From experiments made subsequent to those already l 
in Chapter XL, but not entered, and for the purpose o! .1 ' 
mining the perpendicular depth of the under-part of li.. -i 
at midships, from the load water-line of models with .n 
bottoms, it appeared that the depth to cause the l^k if. 
lateral resistance should not exceed the average brei.Liili d 
half the beam measured at the points of equal distance beti^H 

' the miilship and either end ; unless the centre of graviQ|^| 

t! of heavy ballast, as lead, \>e maie \.o <^£££«»&'VH^H 
y with any addition to l\ie de^v\i ol xW Vcfc\. ■ 
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Again, as the above averaB;e depth is requi8itG for lateral 
esistance, then the midship farm, and likewise the sections 
□warde both head and stern, muat be moulded into those 
^ -which will meet the object desired, with the least 
p of displacement beyoad the trae one the vessel ought 
n required for speed, as in Table IV. Chapter 

e above be exemplified in the models 0, Q, and R, and 
a here introduced will assist in the elucidation. 



No. 1. — Tbe model 0. Scale, i iueb to 1 inch. 

represents the half-part of the horizontal section 
the model 0. taken at the load water-line ; c d being the 
1 B r, G H, the lines of the average beam. 



^2^r 



"^: 



No. 2. — Miiblilii aectinn of model O. Scale, 1 incU to 1 ineh. 

Jjet A B D c be the midship section of the model 0, when 
itk the flat bottom ; l i, the depth as stated in Table IV. 

^ter XV, Now, in order to give speed to the model, the 
rved form must be applied to the baWwn, ■wVwJa "wSi. •ct.-ssr. 

tnodel to sink deeper into the vjater \\i^Ti"oalcfte,Vi vi»«* 
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fovirth part of l i. (see Chapter XVI.) or to the dotted li 



Again, let ep equal the average breadth of beam, and I 
bottom of the keel ; but as every increase of the dieplu 
beyond a B D c will retard speed, yet the part of the i 
wood and keel from i to p rec[uire support ; 
carried into practice by transferring a portion of the caps 
or displacement at and about c, to between i and p. 
end, !et k bisect the straight line c i, and q bisect A 
Q draw through k the straight line o k n. By Euclid, } 
triangles gck, kih, are equal, therefore their displac 
are equal, But since the keel from h to p will likewise ni 
support, a curved brace may be applied from m to w, 
will, however, cause some addition to the capacity j i 
curve TMN may be substituted. To obviate tbe evil of nj 
tional capacity in some measure, the apace may be fiUedij 
ballast, which, being situated low, will assist 1 
increasing the stability, and in consequence admit of fl 
tion being made to the sail sufficient for the wind ti 
ward the extra weight with nearly undiminished s 
angle at a may be rounded off or not, but as 
stability will he diminished by the removing of the ( 
o c K to the triangle k i h, because it is sufficiently evi 
inspection that the assumed centre of the triangle ki b 
the perpendicular line k f, is less than r, the centre of tl 
angle o c k ; therefore the power of buoyancy to aid stabS 
proportionally reduced, and which will cot be altogt 
by the ballast in the triangles kih and mhn: the ^(^,(>Ll 
will again be lessened also if the angle at o is roundcU oil, 



^^m No. 



;s <i{ model O , Scnie, \ "« 
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n 



1 the diagram No. 3, a c is the load water-line, ah, b c, 
bottom curves, and » n. k f, their union with the teel a a. 
lere ia represented the part of the model situated between 
head and the midship, a i. the load wat«r-line, a b the 




to midsliip. Scale, J inch to 



re as A B in No. 3, a being the depth of k i in No. 2, and 
the curve at the depth of a o in No. 2. and c d the curve 
ting with the keel a h. The curves i k, a b. c d, and the 
ted one b p, are all parallel to each other, and which must 
carried out along the bottom of the ship in planes perpen- 
iilar to the horizon, and parallel to the siiip's longitudinal 
B. With regard to the lines b m, c n, &c., they must he 
,wn parallel to the load water-line to form a wedge of the 
n, as repealed experimentB, not entered, have determined 
s point over the bow curved alone ; yet the outline of the 
t curve ihould be preserved wherever the lines touch, and 
ie to take the concave form, with the express view of pro- 
liiig Bpeed, by assisting the raising of the bows over the 
rea, particularly of sailing vessels against the downward 
SBure of the wind on their canvas. 



(■•'MMlel 0, from midtbip lecltoii t 
jet h* he the load water-lme. 



item. St»l«.,kwifi«'j.Vv6 

BA, BR. 11*;. *'«■'=' 
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nc the one uniting with the dead wood and keel. _ 
part of a ship no lines parallel with the load waler-liiw 
necessary, indeed they would be hindrances to speed, m 
been shown already in the experiments. But in ori' 
strengthen the dead wood and keel, short braces placed 
angle of 45° may be employed where thought requisite, b 
less the better. 




No. 6.— Midship section of model Q. Scale, I inch to 1 iadu 
A I o ia the load water-line, a b, b c, d k, k f, are 
bottom curves, and g h, h k, the union with the keeli 
A R, G s, are parallel horizontal lines, as in No. 4, t« ' 
the wedge bow. The stern part, meaning from mil 
Btern, need not (as before staled) the horizontal parallel 
but the curved form preserved tiirougbout. The ooaoK 
the horizontal lines, as mentioned in treating of the i 
of the model O, cannot be dispensed with. 



I 
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No. 7.— Model Q. Scale, i ioch '' 



t 



Let A B D be Che midship section of the model Q, a 

/asd water-lioe, the depth being increBseii ^dd\ »■« \a i 

diagram Ko. 2 ; s k the deplh eqviaX lo \.W o.nws.^> 
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fhalfthe beam of the model Q. taken as in the model 0. It is 
n this instance, that the deptli from i to k is less than in 
To. 2 ; therefore the bottom may be prcEcrved flat at the mid- 
lip, -with a straight or curved bracket, as it were, to support 
e keel, and continued fore and aft ; or it may at once take 
le form as sliown in the diagram by the letters h t s, x d 
g taken equal to ih, when the triangles hit, xdy will 
B equal. Instead, however, of either of these, the outline may 

1 the load water-line, bt the depth of flotation, as in 
|ible IV. Chapter XV., with the addition of one-fourth part 




Ko. 8.— Midsliiy sectioii of the model R, Scale, i incli to 1 tncli. 
f-tlie -j-Jths, iu consequence of the curved bottom, making the 
rone inch; which, according to the scale above, ia half an 
jr n R ; therefore, a b r o represents the true displace- 
E K is tiie half-part of the average beam (see diagram 
fin Experiment 82), in which the straight lines ab, df. 
Bote them ; but they being drawn on the scale of ^ inch to 
Itch, the average of the two, when doubled, will make it 
|j0ie one-quarter inch ecale, aa the diagram above, equal to 
ft, X being the bottom of the keel. 

It appears npon tht- right-hand part of the diagram, that in 
to support the necessary depth of keel, as x k, vt, v^>»s. 
bare the timber of the bottom iro.mei5i.\.TCv4^"<^i ^*> '^^ 
dotted straight line i b, or in tbe cursei Qwfc ■a*')'*- 
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in the former, then the displacement will be doublt 
pleted on both sides of the model, and take proportional 
the speed, as recorded in Table III. Chapter XV. 1 
Ltter, still the original displacement will be increased, 
squal in degree to the former. The keel, however, CB 
urilhont support; therefore, of the two evils, the latter 
preferred whenever speed is to he gained. 

The form on the left-hand side of the dia^am, i 
hended and denoted by the curve l M N i, ia graceful n 
toal with regard to the keel ; hut then the diaplat 
on inspection, exceeds more than double (it must be ad| 
the true displacement required, and theafore will take toi 
from the speed, as evidenced in Table HI, Chapter X 
would answer well if the vessel be intended for burthen 
of a yacht. 

Further Observations. 
In the models having their horizontal section at tl 
^water-line, after the form of a bird, or fish, as the bo! 

that the midship section, or widest part, i 

two-fifths of their length from the head, and three-fiftb 

the stem, This is Nature's law, in order to countem 

balance the eilra resistance the fore-body meets with \ 

the air and water to what the aft-bodv is subject. Id 

!II, it is seen, when treating upon the law of lateral n 

that when the model was drawn forward through the wi 

well as sideways, the centre of lateral resistance, at th 

moved forward also ; and the estimated proportioa f 

■twelfth the length of the model. 

Let this result be compared with Nature's form. 

lodel 28 inches long, its middle will then be 14 ii 

(t/e 3$ inches by 5, and the answer w h\ mdtwa. "^i 

of 28= IJ ; andthree-fiftt.s = \H-. w^i'^'^- 
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IT 3 inches, which is the distance before the centre of length 
rhere Nature places her greatest width in birds, and in the 
ole fish. With the model in Ch^^ter III., one -twelfth 
ras the supposed place before the centre of length. where the 
entre of lateral resistance resided when the body was moved 
oth forward and sideways. The proportion of one-twelfth 
rill be found to equal 2\ inches, and rather more; being cer- 
linly less than 3 inches. It was stated, however, that increase 
f the speed of the model would cause the centre of lateral 
distance to move still more forward. If granted, the average. 
Hewing for mistakes, will be somewhere not far short of 
fature^s distance of 3 inches. 

If the above statement be taken as near the truth, it follows, 
lat whenever the line of greatest breadth of beam in a ship is 
tuftted aft the two-fifth^s of length, so as to destroy the 
alance of three-fifths of stern length, the evil must be com- 
ensated for by giving an equivalent in extra depth of keel 
)wards and at the stern. Hence, the further aft the midship 
iction be placed, the deeper must the keel be made, to pre- 
jrve the due proportions of perpendicular surface of the two- 
fths and three-fifths between the body before the midship and 
le body aft of the midship. Now, great depth of keel towards 
nd at the stern is a serious evil in all ships destined for shal- 
>w waters ; and is objectionable, in another point of view, as 
I respect of lee- way, on account of the greater power, from 
icreased leverage, to overturn. 

The forms of ships as regards beam to length, especially 
hose for merchandise, should be regulated in a measure 
ty the nature of the climate and sea in which they are 
lestined to navigate. For if to encounter stormy winds and 
eas, whose , average continuance is above that in other cli- 
nates and seas, their breadth of beam and aiv^\a ^c^^^^^'^^'^^ 
fOffht to be strongly kept in view, and acted \3c^a^ ^1 *^^ 
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builders, to assist the stability. If, on the other hand, the 
winds and seas are comparatively moderate, less beam will be 
requisite, or greater length of vessel, and all angles dispensed 
with. Moreover, ships requiring much sail, in consequence of 
the breadth of beam, will need hands in proportion to manage 
the same; which circumstance, being an item of increased 
expenditure,' inll ever have its weight with the owners of mer- 
chantmen. This does not apply, however, to men-of-war, 
whose hands are generally in sufficient number for all duties. 
With the completion of these few hints, which have been 
derived from careful experiments, observations, and reflections, 
although upon a small scale, I now take my leave, sincerely 
hoping they will induce persons of far more competent abilities 
than I possess, to engage in making investigations upon a 
large scale, that the true principles of ship-building may no 
longer continue a mystery. 

W. B. 



Hartlip, Sittingbourne, Keiit> 
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